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Abstract: We previously reported our results for thirty-three consecutive femoral component revisions with impaction
bone-grafting, performed with the X-change femoral revision system and a cemented polished Exeter stem, at a minimum
of eight years of follow-up. The present updated study shows the results after fifteen to twenty years. One stemwas revised
again for mechanical reasons during a rerevision of an acetabular cup. The probability of survival at seventeen years was
96% (95% confidence interval [CI], 72% to 99%) with a femoral rerevision for any reason as the end point and 100% (95%
one-sided CI, 69% to 100%) with rerevision for aseptic loosening as the end point. The average subsidence was 3mm and
stable relative to our previous report. Although three early femoral fractures occurred after this surgery, in this update no
additional fractures were seen. In conclusion, the probability of survival of femoral component revisions with impaction
bone-grafting and a cemented polished stem was excellent at a mean of seventeen years.
Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence.
Background
Previously, we reported the clinical and radiographic out-comes of the first thirty-three consecutive femoral revisions,
including the learning curve, performed with the impaction
bone-grafting technique with use of the X-change femoral re-
vision system (Stryker Howmedica, Newbury, United Kingdom)
and a cemented polished Exeter stem1. This procedure was the
first femoral revision in fourteen patients, the second in eighteen
patients, and the third in one patient. The average duration of
follow-up was 10.4 years (range, eight to thirteen years). The
Kaplan-Meier analysis showed that the probability of survival of
the femoral component was 100% (95% one-sided confidence
interval [CI], 100% to 91%) with rerevision of the femoral
component for any reason as the end point and 85% (95% CI,
72% to 99%) with reoperation for any reason as the end point1.
The average subsidence of the femoral stem within the cement
mantle was 3mm, with seven stems that migrated ‡5mm. There
were three postoperative femoral fractures, which all healed after
surgery with use of plate fixation, and none of these stems had
failed at the time of follow-up. The purpose of the present study
was to update the clinical and radiographic results of our pre-
vious report after a mean duration of follow-up of seventeen
years (range, fifteen to twenty years).
Methods
The study was approved by our institutional review board. BetweenMarch 1991and February 1996, thirty-three consecutive femoral revisions were performed
with the impaction bone-grafting technique, with use of the X-change femoral
revision system and a cemented polished Exeter stem, in thirty-three patients. The
surgical technique has been previously described in detail
2
. In addition to the
standard technique, the calcar region was reinforced with metal mesh and cerclage
wires in twelve hips, and a distal femoral segmental defect was also augmented with
metalmesh in seven of them. In another seven hips, only cerclagewires were used to
support the weakened proximal cortical bone to prevent fracturing during the
impaction process. Thirty-one acetabular cupswere also revised at the same surgery.
For this update report, we reviewed all femoral revisions at a minimum
follow-up period of fifteen years. All patients were prospectively followed an-
nually or biennially for at least fifteen years or until rerevision or death.
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Femoral bone-stock defects were classified with use of the system of the
Endoklinik
3
(see Appendix). Radiographic evidence of bone-graft incorporation
was defined as equal radiodensity of graft and host bone, with a trabecular pattern
throughout, according to Conn et al.
4
. Subsidence of the femoral stem was deter-
mined with the method of Fowler et al.
5
, and radiolucent lines between the cement
and the bone were scored with use of the classification system of Gruen et al.
6
. As of
the last review in 2011, all living patients with surviving hips had had clinical and
radiographic examinations and a Harris hip score had been obtained. All patients
who died during the period of follow-upwere followed on a regular basis until their
death, and their data were included in this report. Failure was defined clinically as
the need for rerevision of the femoral component for any reason. Radiographic
failure was defined as a circumferential radiolucent line in all seven Gruen zones
evaluated on anteroposterior radiographs of the proximal part of the femur.
Kaplan-Meier analysis was performed with four different end points: a
rerevision of the femoral component for any reason, a rerevision of the femoral
component for aseptic loosening, a femoral reoperation for any reason, or sub-
sidence of ‡5 mm. Kaplan-Meier survivorship analysis was performed for the
whole group of hips treated with femoral reconstruction and included 95% CIs.
Source of Funding
StrykerHowmedicaOsteonics paid or directed, or agreed to pay or direct, benefits to a
research fund, foundation, educational institution, or other charitable or nonprofit
organization with which the authors are affiliated or associated. On the basis of the
Stryker grant to our research fund, the researchers could be paid to perform this study.
Results
Clinical Results
Of the original group of thirty-three patients (thirty-threehips), no patient was lost to follow-up. Nineteen patients
(nineteen implants) had died of causes unrelated to the surgery. At
the time of final follow-up, thirteen surviving hips were in situ in
thirteen patients (mean age, seventy-three years; range, fifty-two
to eighty-seven years). Twelve patients were clinically and radio-
graphically evaluated after a mean follow-up period of seventeen
years (range, fifteen to twenty years). Unfortunately, one patient
was unable to attend because of advanced age and comorbidity;
however, by telephone, the patient reported no reoperation and
no apparent clinical symptoms of femoral loosening. There was
no pain and the hip was functioning well. The average Harris hip
score of the surviving patients declined from a mean of 85 points
(range, 68 to 100 points) at the time of the previous report to 76
points (range, 51 to 100 points) at the current review.
Rerevisions
One rerevision of a femoral component was performed thir-
teen years after the first revision surgery. However, the primary
indication for this rerevision was aseptic loosening of the cup.
During this procedure, it was decided to remove the stem and
perform a cement-in-cement rerevision with the Exeter Short
Revision Stem (Stryker Howmedica) because of a distal cortex
perforation of the original revision stem, as described in the
previous report. The stem showed no signs of loosening and
during rerevision no osteolysis was seen (see Appendix).
Radiographic Results
Radiographic follow-up was complete for twenty-three hips
(70%), which were used for further analysis. Data were in-
complete for nine patients (nine hips) who had died and for the
patient who was unable to attend. For these patients, the latest
radiographs available were used. None of the patients had
migration of the cement mantle of the femoral stem relative to
the bone; however, there was an average subsidence of the stem
of 3 mm (range, 0 to 14 mm) at the time of follow-up. Eleven
stems showed no signs of migration, and seven stems (all de-
scribed in the first report) showed migration of ‡5 mm, in-
cluding the hip that was rerevised because of perforation through
the distal cortical window. Three stems had an additional sub-
sidence of 1 mm compared with our first report, resulting in a
total subsidence of 3, 3, and 4 mm. The stems with available
radiographic follow-up that had migrated ‡5 mm, as described
in our first report, showed no additional subsidence at the time
of follow-up. Of the six hips with radiolucent lines described
in our first report, only one hip had lines that were progressive.
In this patient, an osteolytic defect situated in Gruen zone 1 had
increased in size from 10 · 4 mm at the time of our first report
to 16 · 6.5 mm at the current report. One patient had new
radiolucent lines in Gruen zones 1 and 2. None of the hips
demonstrated a circumferential radiolucent line. Signs of tra-
becular incorporation and cortical bone remodeling were diffi-
cult to quantify as metal meshes often obscured these interfaces.
The zones that could be evaluated demonstrated evidence of
TABLE I Probability of Survival of the Femoral Component for Different Periods of Follow-up and End Points
5 Years* 10 Years* 15 Years* 17 Years*
Survival (95% CI) No. Survival (95% CI) No. Survival (95% CI) No. Survival (95% CI) No.
Rerevision for
any reason
100% (90%-100%) 29 100% (89%-100%) 25 96% (72%-99%) 18 96% (72%-99%) 8
Rerevision for
aseptic loosening
100% (90%-100%) 29 100% (89%-100%) 25 100% (85%-100%) 18 100% (69%-100%) 8
Reoperation for
any reason
91% (74%-97%) 26 87% (69%-95%) 22 83% (63%-93%) 16 83% (63%-93%) 7
Subsidence of
‡5 mm
88% (70%-95%) 23 78% (57%-90%) 16 73% (51%-87%) 12 73% (51%-87%) 4
*CI = confidence interval, and no. = number of patients at risk.
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trabecular incorporation in 90% (167 of 186) and cortical re-
modeling in 29% (fifty-four of 186).
Additional Reoperations and Complications
As noted in our previous report, four additional reoperations
on the femoral side were performed. Since our previous report,
one acetabular rerevision was performed because of aseptic
loosening of the cup; in this case, the stem was exchanged with
the cement-in-cement technique (see Appendix).
Survivorship Analysis
Kaplan-Meier analysis showed the probability of survival of the
femoral component, with rerevision for any reason as the end
point, at seventeen years was 96% (95% CI, 72% to 99%) (Fig.
Fig. 1-A Fig. 1-B
Fig. 1-C Fig. 1-D
Kaplan-Meier survival curves with the end points of rerevision of the femoral component for any reason (Fig. 1-A), rerevision of the femoral component for aseptic
loosening (Fig. 1-B), femoral reoperation for any reason (Fig. 1-C), and subsidence of ‡5 mm (Fig. 1-D). The broken lines indicate the 95% confidence intervals.
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1-A). The probability of survival at seventeen years, with re-
revision for aseptic loosening as end point, was 100% (95%
one-sided CI, 69% to 100%) (Fig. 1-B), and the probability of
survival at seventeen years, with femoral reoperation for any
reason as the end point, was 83% (95% CI, 63% to 93%) (Fig.
1-C). With subsidence of the femoral stem of ‡5 mm as the end
point, the probability of survival at seventeen years was 73%
(95% CI, 51% to 87%) (Fig. 1-D). The probability of survival
of the femoral component at different periods of follow-up and
for different end points is shown in Table I.
Conclusions
Toour knowledge, this is the first clinical study with a fifteento twenty-year clinical and radiographic follow-up of the
results of femoral revisions performed with use of this relatively
new, instrumented impaction bone-grafting technique.
Compared with the results of our previous study1, the sur-
vival rates remain excellent and the survival did not deteriorate
with a longer follow-up period. Only one femoral component was
rerevised with use of a cement-in-cement technique during a
rerevision of the cup. However, the overall clinical scores had
deteriorated. This result probably reflects the relative higher age of
the patients and, as a result of that, the lower level of function.
A limitation of our study is that, as a result of the long
duration of follow-up after femoral revision, only fourteen
patients were alive at the final review in February 2011. How-
ever, the follow-up was nearly complete, including for the
patients who had died, and the fate of every reconstruction was
known. Unfortunately, not all radiographic files were complete.
The probability of survival of 100% (95% one-sided CI,
69% to 100%) at seventeen years, with an end point of rerevision
of the femoral component for aseptic loosening, is comparable
with other long-term reports. Ornstein et al.7 reported an ex-
cellent survivorship at fifteen years of 99.1% (95% CI, 98.4% to
99.5%) in an impressive group of 1305 revisions identified from
the Swedish registry. Seventy rerevisions were performed during
follow-up. However, in their study, there was no analysis of
clinical scores or radiographs, so potential failures or early ra-
diographic signs may have been missed. Wraighte and Howard8
reported results of a series of seventy-five revisions reviewed at
a mean of 10.5 years. Survivorship with any further femoral
operation as the end point was 92% (95% CI, 82% to 97%).
In conclusion, the probability of survival was excellent at
seventeen years following femoral revision with the X-change
femoral revision system, impaction of fresh-frozen bone grafts,
and insertion of a cemented polished stem. This technique is very
useful for the purpose of restoring bone stock in patients with
femoral defects that require revision total hip arthroplasty. For over
twenty years, we have used this technique as our standard femoral
revision technique in patients with femoral bone-stock loss.
Appendix
A table showing patient demographics and a figure show-
ing preoperative and one-year postoperative radiographs
of a femoral component that had a rerevision with an Exeter
Short Revision Stem are available with the online version of this
article as a data supplement at jbjs.org. n
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